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ABSTRACT
Some Factors Affecting the Postpartum
Interval in Sheep
by
Jose Pedro Cannas Simoes, Master of Science
Utah State University, 1989
Major Professor:
Department:

Dr . Warren C. Foote
Animal, Dairy and Veterinary Sciences

The effect of genotype on the occurrence of ovulation and estrus
during the interval from lambing to ovulation accompanied by estrus
(postpartum interval) was measured in White-Face and Black-Face ewes that
lambed during the breeding season in 1986 and 1987. A group of St. Croix
ewes was added to the study in 1987.

The influence of lactation on the

events of the postpartum interval was measured by comparing intact and
mastectomized White-Face and Black-Face ewes.

The effect of prolactin on

postpartum interval was measured in these two genotypes and in a group of
bromocriptine-treated Black-Face ewes that lambed in 1986.
1.

The interval between parturition and first ovulation was not

influenced by genotype or lactation but differed between years (P <.05).
2.

The number of ovarian cycles (estimated by progesterone

levels) and the interval between parturition and ovulation accompanied by
estrus was not different among treatment groups, but the bromocriptinetreated ewes had a shorter postpartum interval (P <.05).

X

3.

The interval from lambing to conception , conception rate and

number of estrous cycles to conception (not measured in St . Croix ewes)
did not differ among treatments or years .
The results of this experiment suggest that the events of the
postpartum interval and time from lambing to conception are not influenced
by genotype or lactation and that the earlier occurrence of estrus does
not reduce the time of conception.
The results of hormone profi 1es suggest that the 1ow LH 1eve ls
present during early postpartum (around day 10) are sufficient to induce
ovulation and estrus.
Pro 1actin secretion on the day of 1ambi ng is independent of the
presence of the mammary gland and decreases within a week in nonlactating
ewes.

Concentration of prolactin apparently does not contribute to the

length of the postpartum interval .
(94 pages)

INTRODUCTION
Since their domestication, sheep have become among the most important
sources of protein in the human diet in many parts of the world, whether
supplying meat or milk (Gall, 1975).

More than 900 different genotypes

of sheep have been described (Terril, 1979), reflecting their potential
to adapt to different environments.
Similar to their ancestors, domesticated sheep have preserved the
mechanisms developed to adjust the breeding period so that parturition
occurs at the most appropriate time for survival of the offspring.
Because reproduction takes place during a limited period of the year, meat
and dairy products of sheep are not continuously available for marketing
throughout the year.

This represents a major obstacle to an appropriate

strategy to increase the economic return of sheep production.

Such

seasonality places sheep at some disadvantage, compared with other farm
animals that provide products to market in a continuous flow and utilize
facilities, equipment, capital and labor more efficiently.
A lambing interval of six months and five lambs per pregnancy is the
estimated biological ceiling of sheep (Wilson, 1968} , a potential for
production still far from what has been achieved today.
For a long time man has attempted to manipulate the reproductive
patterns of domestic animals in order to profit from their potentials
(Lamming, 1985). Over the past two decades, sheep have become one of the
most frequently used species for research in mammal ian reproduction,
particularly

for

the

study

of

t he mechanisms

that

regulate

the

reproductive system (Karsh, 1980). As a result of the expanding interest
in sheep reproduction, a large volume of information and methods that can
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be applied to improve production have been made available.
An event of major significance in the development of controlled
sheep reproduction was the report of Robinson

(1965)

showing that

physiologic doses of progestagens could be absorbed by the mucosa of the
genital

tract.

This

information made

possible

the development

of

simplified progesterone or progestagen-administration procedures for
practical

use in farm animals (Gordon,

1983).

The combination of

progestagens with gonadotrophins is currently used to control estrus and
ovulation in sheep, although a wide variety of responses have been
obtained depending on individual breed differences (Lamming, 1985).
Other techniques to control the breeding period of the ewe, such as
the ram effect and photoperiod, have been studied to find an alternative
to hormone treatments since increasing limitations have been imposed by
health authorities in many countries on the usage of exogenous hormone
compounds in the productive process, particularly those excreted in milk
(Alifakiotis, 1985).
A considerable amount of information has been accumulated since 1933
on the postpartum interval (Hulet et al ., 1983), but the the events taking
place during this period are not well enough understood to effectively
improve the frequency of the 1amb crop with the present management
practices (Call et al., 1976).
Season of the year, nutrition and possibly lactation have been
described as

influencing the interval

between parturition and the

resumption of ovarian activity with ovulation accompanied by estrus
(Peters and Lamming, 1984).

3

The postpartum period is characterized by a sequence of events to
restore the mechanisms required for a successful pregnancy. These include
the reinitiation of the activity of the hypothalamo-hypophysical axis,
influencing the ovaries and inducing normal estrual activity. During this
period, uterine changes occur that return its size to that of prepregnancy
and reestablish the integrity of the endometrium.
Vandeplassche (1985), in a review of the comparative aspects of the
postpartum period in domestic animals, proposed that an exact definition
should consider the period from parturition to complete genital tract
i nvo 1uti on, the time of occurrence of the first ovulation ( s), the first
estrus or even the time from parturition to conception. All of these
events have been inferred to influence the parturition interval, which is
a major factor affecting the efficiency of animal production.

Another

definition was proposed by Sorensen (1979), which limited the "postpartum
interval" to the period of time between parturition and the first estrus.
This is the definition adopted here.
Several methods have been used to evaluate the postpartum period
(Vandep 1assche, 1985): estrus detection; determination of progesterone
concentration in blood or milk as an indicator of ovulation; in large
animals, rectal palpation for the estimation of ovarian activity and
uterine involution. The latter can be replaced in small animals by
laparotomy or laparoscopy, which has become a very useful tool in the
study of reproduction in the female because of its relative safety and
noninterference with the reproductive process, with no adverse effect on
the preovulatory LH surge and ovulation (Martinet al., 1981) .

4

OBJECTIVES
This study was conducted to measure the events of the postpartum
i nterva 1 in White- Face, Black-Face and St. Croix
that

ewes . The hypothesis

serum prolactin levels associated with lactation prolong the

postpartum anestrus was tested in White-Face and Black-Face ewes . The
third objective of this study was to measure the relationship of serum
pro 1actin 1eve 1s in 1act at i ng and non 1act at i ng White-Face ewes to the
serum level of LH during the postpartum interval.
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LITERATURE REVIEW
Uterine involution, ovulation and estrus are the main events of the
postpartum interval to be reviewed here. A separate treatise of each
represents an attempt to present the published information available on
the topic , but it should be stressed that all the events of the
postpartum interval are interrelated.
Uterine Involution
Lactation and season of the year have been reported to influence the
period of time required for uterine involution.

In Hungarian Combing

Merino ewes involution of the vulva and vagina was macroscopically
completed 10 days after lambing (Mucsi et al., 1986) . At day 15, the
linear dimensions of the uterine horns were coincident with those of
non-pregnant ewes and by day 28 all of the uterus was reduced except the
carancules, which showed the dimensions characteristic of a non-pregnant
uterus at day 33 when histological involution of the uterus was completed.
An identical period for uterine involution, 24 and 30 days, was reported
for White-Face and White-Face x Suffolk ewes (Foote, 1971; Call et al.,
1976) and for the Pelibuey ewes

(Gonzalez et al. , 1981) .

The effect of lactation on uterine involution is not consistent. Call
et al. (1976) reported that at day 3, the uteri tended to be longer and
wider in nonlactating ewes, and edema was more intense in suckled ewes
especially at day 38 postpartum. Uterine involution measured by uterine
weight was completed by day 60 in suckled and day 35 in nonlactating
Malpura ewes

(Honmade,

1977).

Indication that suckling delays the

restoration of uterine dimensions after lambing was also reported by Van
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Niekerk (1976) . Different results were obtained by Foote (1971) and
Mallampat i et al. (1971a) that suggested no influence of lactation on the
rate of ute ri ne involution i n terms of uterine dimensions (Foote, 1971)
or histological

measurements of the myometrium, endometrial stroma and

lamina propria (Mallampati et al ., 1971a) .
Although Foote (1971), Call et al. (1976) and Mucsi (1986) reported
no influence of season of lambing on uterine involution, Robinson (1959)
suggested that spring-lambing ewes have a slower rate of uterine
involution.

Due to the characteristics of the cervix of the ewe , which

closes a few days after parturition , the material arising from postpartum
hemorrhage is retained, delaying the completion of the process of uterine
involution . When lambing takes place in the breeding season, estrus
occurring shortly after parturition, has a favorable effect by increasing
permeability of the cervix, thus the release of uterine debris . McDonald
and Rowson (1962) found this debris in the uteri of sheep during the early
weeks after parturition occurring in spring .
Significant changes in the patterns of uterine involution are
produced in spring-lambing ewes receiving hormones (Foote , 1971) . Ergot,
an

oxytocic

agent,

has

no

influence on

rate of

involution when

administered three days postlambing, but treatment with progesterone and
PMSG or estradiol
involution.

and progesterone results in a delay of uterine

The influence of hormonal dominance during the estrous cycle

on the characteristics of the uterus was previously described (Cardoso,
1965) and indicated that during prevalence of high levels of progesterone,
uterine weight i s maximal .
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Lewis and Bolt ( 1987) showed that the uterus may have an adverse
effect on ovarian activity postpartum. Compared with intact ewes, luteal
function was detected earlier in ewes hysterectomized on the day of
lambing.

In

these,

progesterone

values

were

higher

and

PGFM

(13,14-dihydro-15-keto PGF 2a), a metabolite of prostaglandin degradation
originating largely in the uterus (Lewis and Bolt, 1983), declined faster.
If an analogy with cattle is plausible, a deficient luteal function may
result from an increased release of PGF 2a in response to the inflammatory
process taking place in the uterus (Peter and Bosu, 1987).

In cattle

indomethacin (an inhibitor of prostaglandin synthesis) infused into the
uterine lumen enhanced the function of the corpus luteum induced by GnRH
(Troxel and Kesler, 1984).

Lewis and Bolt (1987) further suggested that

uterine factors other than prostaglandins could be involved, reducing the
corpora lutea lifespan, or that the postpartum CL may be more sensitive
to uterine inhibition.
Ak i nbami et al. (1987), investigating the role of uterine status
after lambing on the viability of a successful pregnancy, concluded that
the uterus has no detrimental effect on ova fertilized 32 days postpartum
unless the uterus contained twins during the last pregnancy. This work
suggests that uterine i nvo l uti on may also be delayed by the number of
fetuses carried in the uterus during previous

pregnancy.

First Postpartum Ovulation.
Follicles smaller than 2 mm at day 10 postpartum were reported by
Foote (1971) but it was not before day 24 that more than 50 percent of the
ewes ovulated. Follicular development takes place under conditions of low

8

concentrations of gonadotrophins during the postpartum period (Webb and
Gauld, 1985), because active follicular turnover can occur in the absence
of gonadotrophins (Driancourt et al ., 1987) .
are no longer distinguishable on the

Corpora lutea of pregnancy

surface of the ovaries at day 25

after parturition, but they are still i dent ifi able in the cortex as
corpora albicans after dissection 33 days postpartum (Mucsi, 1986) .
The first ovulation after lambing may occur without estrous
behavior , which may be due to i nsuffi ci ent estradiol or progesterone
production (Foote et al., 1967; Sharpe et

al. , 1986).

The resulting

corpora lutea usually have a short lifespan (Gonzalez et al. , 1987) ,
indicating that follicles and/ or corpora lutea may differ from those
formed in normal cycling ewes (Sharpe et al ., 1986) .
Season of the year, lactat i on and nutritional status of the ewe may
influence the length of the period between lambing and ovulation.
Ewes lambing in the winter have a shorter period from lambing to
fir st ovulation than ewes lambing towards the end of the breeding season
or in spring (Restall and Starr, 1977; Pijoan and Williams , 1985b) . This
may be explained by the fact that in the latter , seasonal and lactational
ane strus overlap (Fitzgerald and Cunningham, 1981) .
There is some indication that lactation increases the time between
lambing and first postpartum ovulation (Call et al., 1976) and decreases
the size of preovulatory follicles (Mallampati et al . , 197la) . Similar
re sults were obtained by Gonzalez et al . (1987) and were associated with
poor body condition of sheep at lambing due to diminished forage
availability throughout pregnancy.

It is conceivable that the effect of

lactation in the delay of the ovarian activity may be associated with
nutritional stress .
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First Postpartum Estrus.
Postpartum anestrus has been reported to 1ast 2 to 60 days when
lambing occurs during the breeding season (Robinson, 1959; Gardner et al .,
1955) . Estrual behavior was reported to occur even earlier, 15 to 27 hours
postpartum,

but in this case it was not accompanied by ovulation (Barker

and Wiggins, 1964a) .

Ewes exhibiting estrus at this time had shorter

intervals but not statistically significant (P >.05) to normal cyclicity
(estrus and ovulation)--62 versus 80 days.
First postpartum estrus tends to have a shorter duration (Orji and
Steinbach, 1980) and to occur after one or more ovarian cycles (Foote et
al., 1967; Sharpe et al., 1986;

Rojas, 1986;

Gonzalez et al. , 1987).

The number of ovulation periods prior to the occurrence of estrus seems
to determine the duration of lactational anestrus for ewes lambing during
the breeding season, rather than the time when ovulation occurs after
lambing (Rojas, 1986; Evans and Foote, 1987).
Since estrus is generally associated with ovulation, the factors
influencing the latter also have an influence on the length of time from
lambing to first postpartum estrus accompanied by ovulation.
Breed of sheep or breed crosses should be considered among the most
important factors determining the mechanisms that regulate the occurrence
of estrus after lambing (Barker and Wiggins, 1964b). Genetic differences
are associated with different responses to the effect of photoperiod
(season of the year) (Purser, 1972; Land, 1982; Haresign, et al., 1985)
and the effect of lactation on the postpartum interval (Ford, 1979).
Occurrence of estrus

is also delayed by an unbalanced diet

(Jainudeen and Hafez, 1980) or stress imposed by the environment such as

10
heavy rain or high temperatures (Doney

et al ., 1973;

Sawyer et al.,

1979) .
When lambing takes place during the nonbreeding season, postpartum
anestrus

is usually followed by seasonal

anestrus

(Fitzgerald and

Cunningham, 1981}, which increases the interval between parturition and
first estrus.
of

Roux et al . (1975) found that in Karakul ewes the length

postpartum anestrus was significantly shorter after winter lambing.

These re sults were confirmed by Matter ( 1976) in the same breed , and
identical effect of season was described in Serra da Estrela ewes (Barbas
et a1., 1987) and Dorset and North Country ewes (Pi joan and Williams ,
1985b} .
Although a larger body of information indicates the effect of
seasonality on the postpartum interval, exceptions

were reported.

In

Rahamani ewes, Ashmani et al . (1984) did not find a correlation between
season of lambing and length of the postpartum anestrous .
The effect of lactation on the length of the postpartum interval is
not consistent .

While several authors failed to find a statistical

difference in the duration of the postpartum anestrus between lactating
and nonlactating ewes (Roux et al., 1975; Call et al. , 1976; Restall and
Starr, 1977; Moss et al ., 1980;

Lewis and Bolt, 1983), others have

suggested that the lack of postpartum estrus is related to the presence
of the lamb and the suckling stimulus rather than to milk production per
se (Cognie et al. 1981) . The indication that estrus occurs earlier in ewes
that have their lambs removed while still machine milking (Mills, 1981)
further suggests that suckling and not lactation is the determi ning factor
of postpartum anestrus .

In support of this hypothesis, Kann and Martinet
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(1975) showed that inhibition of the suckling reflex by neurotomy of the
afferents of the mammary gland results in a shorter interval from
parturition to ovarian activity is re-established post lambing.

These

observations could explain the report that an increased number of nursing
lambs, multiplying the frequency of suckling episodes,

prolongs the time

when estrus occurs (Gonzalez-Stagnaro and Perozo-Gory, 1985; Mascarenhas
et al., 1985) .

Frequency of suckling seems to particularly determine

anestrous during the first two weeks postpartum (Fletcher, 1971) .
Early removal of the lambs reduces the postpartum interval in some
breeds of sheep, such as the Altamura (Martemucci et al., 1983), Merino
Palas (Timariu et al., 1974), the Polypay sheep (Hulet et al., 1983) and
Finnsheep

crossbred ewes (Ford, 1979) .

In suckling systems the effect

of lactation is not persistent, but its evaluation in dairy systems
becomes more difficult to determine because it is extended further than
in suckling systems and is usually preceded by a period of nursing
(Flamant and Casu, 1978).
Lactation in spri ng-1 ambi ng ewes does not affect the postpartum
interval (Roux et al., 1975; Hoefler and Hallford, 1987) but reduces the
number of ewes showing estrus (Torrel

et al., 1956).

Different results

were obtained by Gould and Whiteman (1973), who reported a shorter
postpartum interval in spring-lambing ewes whose lambs were weaned at 30
versus 70 days of age.
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Conception .
The length of the interval from lambing to conception results from
the normal sequence of the events described earlier .

It is reasonable,

therefore, to suggest that all the factors affecting ovulation, estrus
and uterine involution will influence the time when postpartum conception
may occur.
Constitutional barrenness in sheep is rare . A study in the U. K. and
Ireland recorded that 6 to 7 percent of adult ewes exposed to rams failed
to give birth (Gordon, 1958).

A similar barren rate based on data from

lowland sheep was reported later by Lees (1978).

Compared with fertility

rates in non lambing ewes a much lower conception rate is obtained when
sheep are mated at the first estrus postpartum (Perez et al . , 1986).

As

noticed by Van Ni ekerk ( 1976), although ovulation may occur very soon
after parturition, the uterine environment may not be adequate to carry
a pregnancy.

Poor concepti on rates during early postpartum due to low

fertilization rates (Dawe and Fletcher, 1976; Mutiga, 1984) may also
contribute to depressed fertility during this period. The report by Konig
and Suss (1977) that litter size increases as the
postpartum
hypothesis.
successful

interval

increases

provides

further

length of the

support

for

this

Ewes served before 21 days after lambing do not have a
pregnancy,

and only 5 percent lamb when mated 30 days

postpartum (Matter, 1976).

Although

satisfactory conception rates can

be achieved in ewes conceiving 44 days postlambing (Osinowo and Ekpe,
1985), a higher conception rate is obtained in ewes served two to three
months postpartum, with or without synchronization (Gonzalez-Stagnaro and
Perozo-Gory, 1985).

Except for the temporary weight loss following the
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next lambing, rebreeding at two to three months postpartum has no adverse
effect on lamb birth or weaning weight or on lamb mortality (Sahni and
Tiwari, 1974).
There has been some support for the effect of 1act at ion on the
interval from lambing to conception.

More winter- (Hulet et al., 1983)

or spring-lambing ewes (Gould and Whiteman, 1973) that have their lambs
weaned earlier lamb the following season .

In spring-lambing ewes, this

is apparently due to a difference in length of breeding expo sure rather
than a higher fertility rate in the early part of the breeding period
(Hulet et al., 1983) .
luteinizing Hormone In Po stpartum Ewes.
It has been proposed that factors controlling the synthesis and/or
the relea se of LH may be responsible for resumption of normal ovarian
cyclic activity and estrous behavior in the postpartum ewe (Moss et al .,
1980; Wright et al ., 1981), either by interfering with GnRH synthesis or
release or on the estradiol feedback mechanism (Wright et al . 1980b).
Elevated concentrations of estradiol-17p (Carnegie and Robertson,
1978) and progesterone (Stabenfeldt et al ., 1972) occurring in plasma
during gestation in the ewe were shown to reduce secretion of LH (Diekman
and Malven,

1973). The pr olonged exposure of the pregnant ewe to

progesterone apparently creates an opi oi d inhibition of LH secretion,
which continues after parturition (Malven and Hudgens,

1987).

An

alternative to the opi oi d mechanism was proposed by Hwan and Freeman
(1987), who hypothesized that the inhibitory effect of progesterone on LH
could be due to a direct influence of the hormone on the pituitary or
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acting at the hypothalamus to. stimulate the release of a recently
identified glycoprotein that suppresses GnRH-stimulated LH release . This
may explain why the LH contents of the pituitary decrease 60 percent at
day 50 of gestation and continue to decline throughout the remainder of
pregnancy (Charnley et al . , 1976).

Identical patterns of LH during the

last 4 weeks of pregnancy were obtained by Wright et al . (1980a).

During

this period, LH concentration in response to LHRH is lower compared with
non-parturient ewes or the values recorded at day 14 or 28 postpartum.
As in seasonal anestrus, the role of estradiol seems to be related
to its capability to maintain tonic LH secretion below the levels required
to promote the final phase of follicle growth and development (Haresign
et al ., 1985) .

Evidence of such involvement of estradiol in postpartum

anestrus was presented by Leakakos et al. (1987) and Crowder et al.
(1982) .

These authors showed that exogenous estradiol - 17p depressed the

GnRH-induced release of LH .

This negative feedback mechanism is present

in 61 percent of postpartum merino ewes at day 14 postpartum and in 54
percent of the animals on day 28 (Wright et al., 1980a) .

It has been

suggested that the negative feedback mechanism is the result of reduced
concentration of estradiol-17p receptors in the anterior pituitary and
hypothalamus , which increases about the time cyclicity is resumed (Wise
et al., 1986).

The association between LH and estradiol is not clear.

Administration of LH induces and sustains secretion of estradiol-17p , an
effect that can be reversed by increasing the LH concentration (McNeilly
et a l . , 1982) .
Releasable stores of pituitary LH are rapidly replenished after
lambing in lactating and non-lactating ewes (Wright, et al . , 1980a; Knipe,
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1981), suggesting a gradual recovery of the pituitary function (Restall
and Starr, 1977).

Ewes slaughtered at days 1 and 11 postpartum have a

lower pituitary LH content than at day 30 (Moss et al. , 1980) .

The LH

response to GnRH challenge follows similar increases during a similar time
period postpartum (Malven and Hudgens , 1987).

Equivalent results were

obtained by Crowder et al., (1982) , showing that the increased GNRH
induced release

and pituitary content of LH is highly correlated with

the postpartum interval.
The frequency of pulsatile LH release and the mean LH plasma levels
observed in postpartum anestrus ewes are greater than in diestrus ewes
but are much lower than the levels of the hormone associated with pre ovulatory follicular development (Wright et al ., 1981).
LH concentrations postpartum are higher in fall-lambing ewes (Restall
and Starr, 1977; Ford, 1979; Knipe , 1981) and in non-lactating ewes
(Foote, 1971;

Restall and Starr, 1977) .

No significant differences in GnRH concentration were found in the
hypothalamus (Crowder et al ., 1982), preoptical nucleus or median eminence
at different periods after

parturition (Moss et al., 1980), indicating

that if GnRH is implicated on the postpartum release of LH, it is a result
of the impairment of its release rather than a reduced synthesis.
Different mechanisms for the control of GnRH, and therefore LH, have
been proposed .

Valen~a

et al. (1987) found that LHRH antagonists may

influence LHRH release, possibly by interacting with its receptors, and
suggested the existence of a short-loop feedback mechanism characterized
by tonic inhibitory or the modulatory role of LHRH neurons on the control
of their own function .
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The control by op i ates of GNRH secretion by the hypothalamu s was
shown by Ferin et al. (1982). The admin i stration of morphine does not
i nh i bit pituitary re spon s ivenes s to exogenous GnRH in stalk -s ectioned
Rhesu s monkeys , whereas it prevents LH release in intact animal s .
Other studies utilizing opiates or the opiate receptor-blocking agent
naloxone have indicated that endogenous opiate peptides inhibit GnRH
release from the hypothalamus (Quigley and Yen, 1980;
Kubo et al ., 1983; Van Vught et al . , 1983;

Raid et al ., 1981;

Ferin et al . , 1983; Malven,

1986) .
Gordon et al. (1987) showed that hypothalamic p-endorphin is released
in respon se to the suckling stimulus in the ewe . When the lambs had
restricted access to their mothers, p-endorphin and prolactin increased
shortly after the reintroduction of the lamb and initiation of vigorous
sucking.

Furthermore, it wa s shown that after the administration of

naloxone to postpartum ewes , LH concentration increased (Gregg et al.,
1986) as early as 3 days postpartum, indicating that endogenous opioid
peptides prevent the release of LH during the postpartum anestrous
( Leakako s et al . , 1987) .
Folli cle Stimulating Hormone
in Postpartum Ewes.
FSH tends to increase with the interval following parturition (Moss
et al ., 1980) , with a concentration ranging from 20 to 49 ng/ ml at day 10
po stp artum (Fitzgerald and Cunningham , 1981) . These results differ from
tho se found by others (Crowder et al. , 1982;

Lewis and Bolt , 1987), in

which the pituitary content of FSH - and FSH-induced respon se after GnRH
doe s not change during the postpartum interval .
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There is an indication that in the rat, pulsatile secretion of FSH
is independent of LHRH but that this releasing factor is required to
elevate or maintain high plasma levels of the hormone (Clarke et al .,
1986; Culler and Negro-Vilar, 1987; Parisi et al., 1987). These findings
support the suggestion made by Worthy et al . ( 1985) and McNeilly et al .
(1982) that FSH secretion may not be

determinant of anestrus in sheep.

The lack of FSH stimulation is not of prime importance in the failure of
the final stages of follicular development during anestrus.

Follicular

growth and development, measured in terms of estradiol secretion, appears
normal when induced by LH
corpus luteum formed

alone without a prior surge of FSH . A normal

after treatment suggests that

intrafollicular

development has proceeded normally (McNeilly et al . , 1982).
Progesterone.
Progesterone concentration

remains

low during

postpartum, ranging from 0.1 to 0. 2 ng./ml

the

(Sarda et

first week
al ., 1973;

Boulfekhar and Brudieux, 1980), which is characteristic of ewes in
anestrus (Boulfekar and Brudieux, 1980) . During the postpartum interval,
progesterone is positively correlated with the pituitary content of LH
and FSH but not with prolactin or with LH response to GnRH challenge (Moss
et al., 1980) .
Small peaks of progesterone have been detected in postpartum ewes
before the normal luteal phase.

They reach a maximum of 0.5 ng/ml and

dissipate after 2 (Sharpe et al., 1986) to 6 days (Fitzgerald and
Cunningham, 1981).

Observation of large follicles 2 to 3 days before

small peaks of progesterone, and fresh corpora hemorrhagica just prior to
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and pale corpora lutea just after, indicate that ovulation and short-lived
corpora lutea are responsible for this short increase in progesterone
(Sharpe et al., 1986).

It has been suggested that these small peaks of

progesterone result from a deficient corpus luteum, and that the small
amounts of this hormone induce a normal function of the corpus luteum
formed after the subsequent ovulation.

As mentioned earlier

uterine

factors such as prostaglandins may be involved in the reduction of the
corpora 1utea 1ifespan or the postpartum CL may be more sensitive to
uterine inhibition

(Lewis and Bolt, 1987) .

Mcleod and Haresign (1984) showed that progesterone priming for 2
days ensures a normal luteal function in anestrous ewes after GnRH
treatment that could be due to a direct effect of progesterone on the
ovulating follicle. This was also suggested by Hunter and Southee (1987).
By determining a significantly higher concentration of progesterone in
the follicular fluid of the smaller follicles from progesterone-treated
ewes, it is conceivable that progesterone has a direct effect on the
fa 11 i c1es themse 1ves.

Preovulatory treatment of postpartum ewes with

progesterone does not have an effect on luteal LH receptor level but does
increase endogenous progesterone secretion, which may result from the
stimulation of steroidogenesis in the corpora lutea (Sharpe et al., 1986) .
The involvement of progesterone in gonadotrophin release seems unlikely,
according to the work of Lewis and Bolt (1987), which did not find a
progesterone-priming effect on the release of LH or FSH in response to
GnRH challenge. It has been suggested that the effect of progesterone
priming on the development of a normal corpus luteum in anestrus ewes is
due to the increased length of the period during which the follicles are
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exposed to gonadotrophins (Pearce et al ., 1985) .
There is also an indication of the involvement of progesterone as a
priming in the mechani sm lead ing to ovulation.

Murdock et al . (1986)

sugge sted the possibility that progesterone may enhance follicular
activity of PGF 2a-9-

ketoreductase, the enzyme that converts PGE 2a into

PGF 2 a and depend on the collegenetic activity of follicular tissue and
ovulation.

The progesterone levels prior to first postpartum ovulation

can, therefore, affect the development and rupture of the follicles.
Prolactin During the Postpartum Period .
In almost all species of mammals studied so far , the high levels of
prolactin induced by suckling and essential for lactation are associated
with a reduction in normal gonadotrophin secretion, specifically the
pulsatile secretion of LH and consequently the suppression of ovarian
activity (McNeilly , 1987) .

In the ewe measurements of prolactin in blood

samples taken twice a day demonstrate a seasonal pattern of secretion not
related to light-treatment exposure (Thimonier and Ortavant, I985), but
an elevated concentration is coincident with seasonal anestrus (Pelletier ,
1973; Ravault, 1976; Rhind et al., 1980).
Pijoan and Williams (1985b) compared the concentration of this hormone
in milk and in plasma from ewes parturiting under different photoperiods .
They reported significantly higher prolactin levels in sheep lambing in
the spring than in the fall but no seasonal difference in the animals
exposed to the equatorial light regime, which had prolactin values similar
to

the

fall-lambing

group .

The

difference

between

spring-

and
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fall-lambing ewes in the reinitiation of ovarian activity indicates that
factors other than photoperiod and prolactin have an important role in the
postpartum ovarian

activity.

It appears that an endogenous circannual

rhythm, which is normally entrained by photoperiod cues but not driven by
them, may exist in seasonally breeding animals (Worthy
Webster and Haresign, 1983).
prolactin

et al., 1985 ;

Throughout the postpartum period, serum

concentration (Lamming et al., 1974) and pituitary contents

were higher in lactating than in non-lactating ewes (Moss et al., 1980).
A rise in prolactin levels occurs during and immediately after suckling
(McNeilly et al., 1972; Kann and Martinet, 1975), but no significant
difference was found between ewes that suckled one, two or more lambs
(Fitzgerald and Cunningham, 1981) .

The correlation between frequency of

suckling and lamb growth and lamb growth and the postpartum interval were
reported to be non-significant (Fletcher, 1971). Levels of prolactin were
reported to be higher around day 11 postpartum than at the day of lambing
or days 30 or 40 (Moss et al . , 1980). The results published by Pijoan and
Williams (1985a), show that a marked fall in prolactin occurrs by day 10
with no difference between season or light regime and rema i nes in a
constant level until day 61 .

When the effect of lactation is suppressed

by mastectomy, prolactin concentration is lower than in lactating ewes,
with increasing concentrations on days 25 and 42 postpartum (Fitzgerald
and

Cunningham, 1981).

In ewes lambing towards the end of the breeding

season the increased postpartum interval is associated with an increase
in the absolute values of prolactin (Fitzgerald and Cunningham, 1981).
The main role of prolactin in ruminants is in the initiation of
lactation (Kann et al., 1978; Hafez, 1980), whereas milk secretion is
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sustained mostly by growth hormone (Peel et al . , 1981) . Kann and Martinet
(1975)

and

Fitzgerald

and

Cunningham

(1981)

reported

no

apparent

differences in milk secretion between control and treated groups in which
prolactin was inhibited, since body weight of the lambs was not affected.
The control of prolactin secretion is not very clear.

In the rat,

different regions of pituitary vary in proportion to the two types of
prolactin secreting cells : classical mammotrops, secreting prolactin, and
mammosomatotrops

that

secret

prolactin

and

growth

hormone .

The

architecture of the anterior hypophyisis also varies regarding the type
of cells that respond to the factors that regulate prolactin secretion .
Ce 11 s from the peri phera 1 rim of the gland re 1ease pro 1actin rapidly in
response to TRH and are moderately affected by the inhibitory effect of
dopamine.

In contrast, the rate of prolactin release from the cells of

the larger central region are slightly influenced by TRH but strongly
diminished by dopamine (Boockfor and Frawley,

1987) .

identical mechanism of prolactin control was proposed.

In sheep an
In this species

dopamine was shown to be released from the tubero-infundibular neurons to
the hypophysial portal blood, acting on the lactotrophs in the pituitary
and suppressing prolactin secretion (Greef et al . , 1987).

In addition to

this mechanism of prolactin secretion, a short-loop feedback has been
suggested, in which prolactin itself can interfere with the
dopamine (McNeilly, 1987) .

release of

An alternative to this process was shown in

ewes with hypothalamus-pituitary interruption, demonstrating that the
hypophysis has an inherent pulsatile secretion of prolactin (Thomas et
al., 1986) .
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TRH is also a hypophysiotropic mediator of prolactin .
(1987)

showed

that

passive

immunization

against TRH

prolactin-induced suckling release in the rat.

Greef et al.
inhibits

the

An identical mechanism

may be present also in sheep, because in this species, exogenous TRH may
induce hyperprolactinaemia (Kann et al., 1976).
Although the role of the opiate peptides on the control of prolactin
secretion is not well understood, Gregg et al. (1986) showed a decrease
in prolactin after the admi ni strati on of na l axone.

It is plausible

therefore , that the increases in opiate peptides in response to suckling
(Gordon et al ., 1987) are somehow implicated on the regulation of
prolactin release in lactating ewes and also sustain the low levels
present in non-suckled ewes (Gregg et al . , 1986) .
The role of prolactin on anestrus in the ewe has been controversial.
There is some support for the suggestion that prolactin should be viewed
as an index of the degree of hypothalamic inhibition provided by lactation
and/or suckling, rather than as the primary cause of ovarian inhibition
(Gordon et al . , 1987).
Elevated prolactin concentrations in serum do not inhibit the ability
of the pituitary to respond to GnRH (Kann et al . , 1976 ; Chamlel, 1978) .
Furthermore, the administration of bromocriptine to postpartum ewes
reduces prolactin levels (Kann et al., 1976; Ford, 1979; Land et al.,
1982; Pijoan and Williams, 1985a) without changing LH levels (Kann and et
al . , 1976; Ford, 1979) or increasing estrous activity postpartum (Kann et
al . , 1976; Ford, 1979; Land et al ., 1982) in fall- and spring-lambing ewes
(Pijoan and Williams, 1985a).

These results further indicate that the

postpartum anestrus is not influenced by seasonal variation in circulating
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1eve l s of prolactin, and that prolactin is not an important factor
determining the time of the onset of the breeding season (Worthy et al . ,
1985).
The Effect of Nutrition
on the Postpartum Interval .
An inadequate diet affects reproductive performance before other
functions are affected.

Although a diet can be unsuitable because of an

excessive supply of energy, minerals,
situation is far more frequent,
activity or to ovarian dysfunction

vitamins, etc . , the opposite

leading to interruption of estrual
(Jainudeen and Hafez, 1980) .

Particularly during the postpartum interval, when sheep usually
experiment a negative energy ba l anee (Gordon, 1983), the nutritional
requirements should be met in order to guarantee the normal resumption of
estrual cyclicity and optimize milk available to the offspring (Bearden
and

Fuquay, 1984).

This aspect of management is especially

important

when the ewe is nursing two or more lambs s i nee in many breeds a ewe
suckling only one lamb is lactating below its potential {Treacher, 1983).
The consequences of an unbalanced diet on the postpartum interval
seem to vary with the age of sheep.
(1974)

In a 6-year study, Lishman et al .

found that weight loss during a 85-day lactation period in

fall-lambing ewes has 1i ttl e effect on the length of the postpartum
interval but increases the percentage of primiparous ewes that fail to
show estrus .
The postpartum interval may be reduced when a supplement is provided
to spring-lambing ewes (Dunn and Kaltenbach,

1980) or during late

pregnancy and early postpartum in fall-lambing ewes (Smith,

1964),
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especially to those parturiting. towards the end of the breeding season
(Hunter and Van Aarde, 1973) .
The influence of nutrition on the reproductive process has an
endocrine basis.

Rhind and McNeilly (1986) reported that low body

condition depresses plasma concentrations of FSH and prolactin without
changing the LH basal and pulsatile secretion.

Similar findings were

reported by McNeilly et al . (1987), suggesting that low FSH 1eve 1s
detected in ewes in low body condition result in a reduction of follicles
greater than 4mm in diameter , which are estrogenic and potentially
ovulatory.
Very high food intake by ewes in high body condition may also affect
reproductive efficiency mainly in terms of estrus activity, ovulation rate
and embryo survival (Rhind et al ., 1984; Rhind et al ., 1986).

Mean

profiles of FSH are similar in ewes in moderate and high levels of food
intake

and body condition.

LH and prolactin in the animals in the high

food intake group are higher during the follicular phase but not during
the 1uteal phase (Rhind et al., 1986).

The effect of a high plane of

nutrition in reducing embryo survival seems to be associated with a
decrease in concentration of peripheral progesterone, which may be due to
a higher c1earance of progesterone in the 1i ver (Parr et

a1 . , 1987) .

Robinson (1979) reported little difficulty in maintaining adequate body
weight in Finn x Dorset ewes in an intensive lambing program, provided
that the offspring were weaned at one month of age and the dams well fed
three weeks before mating to ensure that weight loss during late
pregnancy is restored before the ewes are rebred .
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Induction Of Reproductive
Proce sses In Postpartum Ewes.
Since the 1930s when gonadotrophin s were discovered , there have been
many publications dealing with attempts to control the reproductive cycle
of most domestic species by the use of PMSG-steroid combinations (Lamming,
1985) . An increasing interest in avoiding the usage of exogenous hormones
(Alifakiotis, 1985) has led to the search for alternatives , such as
control of photoperiod or the effect of the presence of the ram. With the
recent progress on recombinant DNA technology, an increase in less
expensive sources of highly purified hormones may be a reality in the near
future , but there is

still a need for more information on their use

(Lamming , 1985) .
An intensive lambing program must consider among other aspects, the
genetic variation in the date of the onset of the breeding season
(Hare s ign et al., 1985; Land , 1982;
years (Mallampati et

Purser, 1972), also variable among

al., 1971a; Lax et al., 1979) .

Early rebreeding

becomes more complicated when lambing occurs during late winter or early
spring because of seasonal influences (Hulet and Foote, 1967) .
Gonadotrophins.

The gonadotrophic

requirements

for

follicular

development, ovulation accompanied by estrus and the formation of a normal
corpus luteum vary depending on the genetic background of sheep (McNeilly
et al ., 1985) and on the time of the year when the treatment is applied,
whether in early months after parturition or later (Gordon , 1983) . Given
a suitable breed of sheep, feeding and appropriate management , highly
acceptable results may be achieved in increasing frequency of lambing on
a flock basis (Gordon , 1983) .
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Several hormone treatments have been proposed combining the use of
progesterone or progestagens with gonadotrophins, particularly PMSG .
Successful induction of estrus and reproductive performance in lactating
ewes eight weeks postpartum during the anestrus season was obtained with
synthetic

progestagens

(medroxiprogesterone,

fluorogesterone

or

norgestomet) associated with PMSG (Alifakiotis, 1985) . Fertility was not
affected in crossbred ewes by administrating 40 or 60 mg of MAP at eight
weeks postpartum (Dawe, 1986).
Conception rate and prolificacy seem to be depressed by reducing the
interval

between

parturition

and treatment

(Joyce et

al . ,

1978},

indicating that the attempt to induce fertile estrus within eight weeks
postpartum is still unsatisfactory for commercial usage, due mainly to
poor fertilization rates (Dawe and Fletcher, 1976).
The administration of GnRH to induce the release of gonadotrophins
has been investigated but several reports have been published questioning
the use of GnRH alone in hastening the first postpartum estrus (Australian
Meat Research Committee,

1982).

In seasonally anestrous ewes , a

preovulatory surge of LH after GnRH is injected is probably due to the
positive feedback of the estradiol from the developing follicles (Haresign
et al ., 1985) . Although a high percentage of animals ovulate after GnRH,
the resulting corpora lutea secretes low amounts
regresses earlier than usual .
functional

corpora lutea,

of progesterone and

Ewes primed with PMSG had a fully

indicating that failure of normal

luteal

function is a result of inappropriate gonadotrophin priming before the
preovulatory surge of LH, rather than an inadequacy of the LH surge in
itself (Haresign and Lamming, 1978) .

Progesterone priming produced
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preovulatory follicles, which secreted significantly more estradiol in
vitro and had a greater complement of LH receptor activity in the
granulosa cell layer (Haresign et al . , 1985) .
GnRH administered 16 days apart is less effective than the
combination of progesterone and PMSG (Hamilton and Lishman 1979).

The

influence of progesterone priming before GnRH is administered on ovulation
has been shown in 90 percent of the ewes receiving 250

~g

of GnRH after

a 12-day treatment with progesterone with subcutaneous implants placed at
day 22 to 33 postpartum (Wright et al., 1984).

Results also improve when

treatment with GnRH at day 13 postlambing is preceded one day earlier by
PMSG (Vincent, 1983).

A significant difference in results is associated

with the method of administration of the LH releasing factor;

GnRH in

gelatin capsules increases the number of ewes ovulating, the size of the
Cl, LH peak duration and concentration (Vincent, 1983).
Estradiol with or without a subsequent progestagen treatment can
also reduce the postpartum interval in lactating ewes (Ford, 1979;

Foote

et al., 1967), but fertility can be severely depressed (Dawe, 1986).
Feeding plants rich in estrogens may be another approach to increase the
number of ewes in estrus after lambing.

Supplementation with 500 gr . of

lupin from day 21 to day 30 after lambing doubles the number of ewes
showing estrus four months after lambing but does not affect the length
of postpartum interval (Australian Meat Committee, 1982).
Photoperiod. Contrary to what was suggested by Pijoan and Williams
(1985b), Konig and Suss (1977) showed that by modifying the light regime,
reproductive performance postpartum can be improved in ewes lambing out
of the breeding season.
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Ram effect .

Although the mechanism by which the male induces the

resumption of estrus and ovulation in the ewe is not well understood, it
can be of some use in certain

genotypes of sheep.

Apparently, the ram

stimulus acts to reverse the negative feedback of estradiol on LH
secretion

(Legan et al . , 1977), a process common to ewes during both

seasonal and lactational anestrus (Poindron

et al., 1980).

Ovulation in anestrus ewes can be induced in a short period after
ram introduction.

LH basal concentration and pulse frequency increase

significantly two hours after contact with the males, decreasing 24 hours
later and remaining at low levels. Follicular recruitment and development
due to the

ram effect, occurring under the influence of low plasma

gonadotrophin concentrations, usually leads to formation of a corpora
lutea that is not fully functional and has a short livespan (Atkinson and
Williamson, 1985).

Stimulation of LH release by GnRH at the time of

introduction of the rams does not improve the response over the rams
alone, in terms of functional corpora lutea, conception rate and interval
to lambing in postpartum ewes (Lopez-Sebastian et al., 1984). The ewes'
response to the introduction of the males varies with the degree of
anestrus.

Lopez-Sebastian et al . (1984) found a significant interaction

between month and ram effect in terms of the proportion of ewes forming
a corpus luteum by 17 or 24 days after the ewes were exposed.
Data suggest that breeds such as the Merino and Prealpes du Sud are
capable of responding to the male effect at almost any time of the year,
provided that the ewes are in anestrus when the rams join the female flock
(Edgar and Silkey, 1963; Oldham and Cognie, 1980).
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The utilization of the ram effect to reduce the postpartum interval
has been documented si nce the 1940s.

Kinilov (1944) reported that 20

percent of the ewes exposed to rams within 10 days after lambing , with
none later than 10 days, conceived and carried a pregnancy to term.

The

same author further suggested that body condition may also play a role on
the ewes' response to the ram effect .

In the following year, when body

condition was poor at lambing, none of the the ewes showed estrus
following exposure to rams .

In its annual report, the Australian Meat

Research Committee (1982) inferred that a reduction of 30 days occurred
in the postpartum interval for ewes exposed to the rams immediately after
lambing .

Lopez-Sebastian et al. (1984) could not demonstrate the effect

of the interval from lambing to the ram exposure on the response of the
ewes.

Differences in breed response that could reduce the postpartum

interval in Dorset, Tarset and Suffolk ewes but not in Suffolk x Tarset
were shown by Meza-Arcos (1985) .
In Table 1 data on postpartum estrus and ovulation are summarized
showing the variability due to genetics, lactation, season and year .

Table I.

First ovulation and postpartum i nterval in lactating and nonlactating ewes

Lactating
ewes
Genotype

Days to
1st ovul.

Altamura

Bent Guil

Nonlactat ing
ewes

Days to
1st estrus

Comments

42.4

Wea ne d at 40 d.
Weaned at 60 d.
Weaned 60 d . Twins

85

50% of the flock.

6 l.6
100
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Days t o
1st ovul.

Days to
1st estrus
Martemuci et al. 1983 1 ltaly

Dewulf & L::thlou-Kassi, 1986, Morroeco

Columbia x
Rambouillet

112
(21-77)

Barker &Wiggins, 1964b 1 USA

Criollo

48, 7±6.1

Govea, 1980, Mexico

Dorset

l9
66
(14-77)

1957-1958

Geenty , 1982, New Zealand

116

Dorset Horn
Dors et x
Rambouillet

Barker& Wiggin s, 1964b, USA

1958- 1959

Barker &Wiggins, 1964b 1 USA

5l
(21-77)
l9

Osterberg, 1981, Finland

Finnish Landrace x
Awasi

42.±1 . 7

Amir et al. 1984, larael

Finnish Landrace x
German Merino

50±1. 8

Amir et al. 1984 1 Israel

Finnsheep

Matter, 1976, So. Africa

Karakul

ll

Karakul

45 . 8
90 . 4

~;~~n!ai~~bfng

Morada Nova

163.6

Mated Feb.-Apr.

Bellaver et al. 1979

M.uza(farmagari

174.6
ll4.2
195.2

Winter lambing
Summer lambing
Rainy season

Sinha et al. 1980, India

1979

Gonzalez et al. 1981, Mexico

Nigerian Dwarf
Pelibuey

Orji &. S!einbaek, 1980, Niger

58.1
25.4

l4 .4

51.4
91

Raux et al. 1975, So. Africa

1980

w
0

Table 1. (cont.)

first ovulation and postpartum interval in lactating and nonlactation ewes
Nonlactating

Lactating
ewes
Genotype

Days to
1st ovul.

Poll Dorset
Rahmani

~

Days to
1st ovul.

Days to
1st estrus

Days to
1st estrus

116

Ceenty, 1982, New Zealand

~L~jt~

Ashman! et al. 1984, Egypt

~1:h~J
Rambouillet

35.6

>70
84
69

Rambouillet

Rmnbouillet

73

86
Rambo uUlet x
Dorset

117±6

Santa Ines

Evans & Foote, 1987. USA

1957-1958
1958-1959

Hated Feb.-Apr.

71

132

50% of the f

Serra da
Estrela

~tni)

1~:~!1~

St. Croix

35.8

Suffolk x
White Face
Whit e Face

Bclla vc r ct a!. 1979, Brasil

Hafez, 1952. USA

68.2
47.0

West African
Criollo

58.6
85.5

1986, Morrocco

Evans & Foote, 1987. USA

40.2

Whit e Face

L:~.hl ou-K assi,

Barbas et al. 1987, Portuga l

47 . 0

25.2

Hoclfc r & Hallford, 1987, USA

Dewulf &

lo~k

35
(2-60)

Suffolk

Perez et al. 1986, Mexico

Barker & Wiggins, 1964b, USA

124.5

Spring lambing

196.8

Sardi

58

Weaned day 3 pp.
2 hrs. suckling
after day 10 pp.

17.0

47.2

Foote, 1971, USA

46.6

Rojas, 1986. USA

47.2
Nursing 1 lamb
Nursing >1 lamb

Foote, 1971, USA
Gonzalcs-Stagnaro & Perozo-Gory
1985, Venezuela

w
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MATERIALS AND METHODS
General.
This study was conducted during an approximate 70-day postpartum
peri ad postpartum in 1986 and 1987 at the Sheep and Goats Research
Facilities at Utah State University, Logan . The events of the postpartum
interval were measured in White-Face ewes (Targhee-type) and Black-Face
ewes (Suffolk x Finn-Targhee) in 1986, and these two plus St. Croix ewes
in 1987 .

All ewes were identified through numbered ear tags and

randomized to one of the treatment groups .

The experimental design and

number of animals per treatment are summarized in Table 2.
The ewes were bred at the beginning of May so they would lamb during
the breeding season, thus avoiding the confounding effect of seasonal
anestrus.

Estrus and ovulation were induced by intravaginal sponges

containing 40

mg of FGA - fluorogestone acetate (Chrono-gest) - for 14

days and 750 l.U . of PMSG i.m . 36 hours before sponge removal.

A second

injection of PMSG was administered 16 days following the first injection,
to induce a second ovulation and estrus and maximize fertility . The ewes
were exposed to fertile males for one week after each treatment . One week
before the expected initiation of parturition, the ewes were taken from
pasture and kept in confinement. The animals received alfalfa pellets and
grass hay throughout the experi menta 1 period to meet the 1eve 1s of
nutrients recommended by NRC.
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Table 2.
Genotype

Summary of experimental animals.
Treatment

White-Face
(Targhee-type)

Black-Face
(Suffolk x Finn-

1986

1987

Intact

3

20

Mastectomized

3

14

Intact

8

5

Intact +
bromocriptine

3

Mastectomized

10

Targhee)

Mastectomized +
bromocriptine
St. Croix

Intact

2

5

10

Mastectomy.
Black-Face ewes were mastectomized approximately two years before
as ewe lambs.

White-Face ewes were mastectomized during mid-gestation.

A11 mastectomies were performed under genera 1 anesthesia induced by
thiobarbital (5 percent) (Biotal) and maintained with halothane.
operations were performed in control animals.

No sham
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Management at Lambing .
The lambing period started on October 6 in the first year and
October 7 in the second . At birth, the lambs were weighed, their navels
disinfected with iodine solution, and each received a numbered eartag.
The

intact

(non-mastectomized)

offspring (single or twins).
removed .

ewes were kept together with their
In the case of triplets, one lamb was

Lambs born from mastectomi zed ewes were removed from their

mothers at birth to avoid any type of attachment (Morag et al ., 1970).
All nursing lambs were given free access to creep feed after one or two
weeks of age.
Estrus Determination.
Fertile rams with painted briskets were introduced in the flock
prior to lambing, in a proportion of one per 10 ewes.
pa i nt was changed every two weeks.
separated pen with vasectomized rams .

The color of the

The St. Croix ewes were kept in a
Ewes were checked twice daily for

paint marks indicating estrus .
Blood Sampling .
Blood samples were collected every four days from ewes lambing in
1986 and every other day from those lambing in 1987, beginning with the
day of parturition . Blood samples were taken between 9:00 and 10:00 a.m.
In the second year, a group of eight intact and eight mastectomized WhiteFace ewes were bled every hour for seven hours 8:00 a.m. -5 :00 p.m. before
lambing.

The same number of ani rna l s were bled every hour for 14 hours

between days 7-10, 15-18 and 23-28 postpartum to determine LH patterns.
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These blood samples were taken from 8:00 a.m. to 10:00 p.m.
Although

all

ewes

were

accustomed

to

venepuncture , care was taken to minimize stress.

frequent

handling

and

Samples were taken from

the jugular vein using a 21-gauge needle and transferred to a 10-ml glass
tube and immediately refrigerated at 4•c . The blood was allowed to clot
during a 3-hour period after co 11 ect ion and the serum separated after
centrifugation into identified vials and kept at -20"C

until assayed.

Laparoscopy.
In order to estimate uterine involution and ovarian activity,
laparoscopy was performed on days 10-15 and 27-30 postpartum in three
intact and five mastectomized Black-Face ewes that lambed in 1986.
ventral approach was used.

A

Incisions were made, under local anesthesia,

5 em on each side of the "ligna alba" and 5 em cranial to the cranial
udderinsertion.
Bromocriptine Treatment .
Three

intact and five mastectomized Black-Face ewes received

bromocriptine (2-bromo-alpha-ergocriptinemesylate; Sandoz Ltd.) in the
first year of study.

A total of 0.6 mg of this dopamine agonist was

intramuscularly administered daily in twice daily injections of 0.3 mg/ml
at 9:00 A.M. and 7:00 P.M. beginning the day of lambing and continuing
throughout the experimental period.

Bromocriptine suspension in saline,

to give a final concentration of 0.3 mg/ml., was prepared each week and
kept refrigerated.
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Hormone Analysis.
Concentrations of serum progesterone,

prolactin

and

LH were

determined by radioimmunoassay at the Animal Physiology Laboratory at Utah
State University .

Serum LH levels were determined following the

methode logy described by Mi gdl ey, ( 1966).

Serum progesterone levels in

samples from the first year of the experiment were determined by the
method described by Gibori et al. (1977) and in the second year using the
test-tube

kit

Corporation,

"Coat-A-Count"

Los Angeles,

manufactured

California.

by

Diagnostic

Products

The methodology followed to

determine serum prolactin concentrations was that described by Davis et
al. (1971).
Determination of Ovulation.
The occurrence of ovulation was estimated by progesterone levels.
Concentrations of 0.1 to 0.2 ng/ml have been reported during anestrus,
follicular phase and in ovariectomized ewes (Sarda et al.,

1973) .

Although progesterone concentrations above 0.4 ng/ml do not constitute
unquest i a nab l e evidence that ovulation has occurred, they have to be
interpreted as indicative of luteal activity (Fitzgerald and Cunningham,
1981; Sharpe et al. 1986) .
Luteinizing Hormone.
Data on LH hourly bleedings were expressed as:
concentration,

2) basal plasma concentrations, 3) pulse frequency,

mean pulse frequency and
pulse.

1) mean plasma
4)

5) average concentration of LH in the peak of
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Hourly bleedings were considered suitable for LH determinations
(Poul tron and Robinson,

1987) , based on the evidence presented by

Pelletier et al . (1982), who calculated that at this frequency of bleeding
90 percent of the LH pulses were detected.
Mean and basal plasma concentrations were defined as the average for
all

15 hourly bleedings and for the 7 with lowest concentrations,

respectively.

A pulse was defined as an increase in concentration that

exceeded the basal level by at least two standard deviations greater than
the estimated intra-assay variation at that level and which was followed
by a decrease.

The amplitude of a pulse was defined as an increase in the

concentration above the basal level.

An increased hormone concentration

at the time of the first bleeding episode followed by a decrease or an
increase in the hormone concentration at the time of the last bleeding
episode was considered a pulse (Pelletier et al. 1982).
Statistical Analysis.
Data from each genotype and treatment group were compared, using
one-way analysis of variance to detect differences at the P <.05 level .
Fisher's procedure was used to compare multiple means .

Differences

between years were determined by running a T test to compare the standard
error of the mean between the means in each row .

A chi-square test was

used to determine differences in data measured as frequencies.

The

coefficients of variation were calculated for each table. The tables with
data on the events of the postpartum interval where the treatments were
combined are presented in Appendix I.
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RESULTS AND DISCUSSION
Data are primarily reported in tables as means and standard error
of the means for the different treatments (subgroups) for the two years .
Differences among means were determined at a level of P < 0. OS using
Fischer's multiple compar ison test.
presented for each set of data.

Coefficients of variation are

These tables were the basis for the

presentation and interpretation of the results.

The data were also

tabulated in a factorial arrangement for the appropriate subgroups and
expressed as unwei ghted means and standard errors of the mean.

These

tables are presented in Appendix I .
Lambing occurred during a one-month period beginning October 6 in
the first year and October 7 in the second year . All but one ewe lambed
without requiring assistance .

Mean ewe weight at parturition, birth

weight of the lambs and lambing rate did not differ among treatment groups
or years (P >. OS) .
Postpartum Ovarian And Uterine Changes.
The occurrence of ovulation and estimates of postpartum uterine
changes were determined by laparoscopy in a group of three intact and five
mastectomized Black-Face ewes lambing in the first year (Table 3). The
time when ovulation occurred was determined for all ewes in the experiment
based on progesterone levels .
The

corpora

recognizable

in

l utea
SO

of

percent

pregnancy,
of

the

as
ewes

corpora
(one

al bi cans,

intact

and

were
three

mastectomized) when the ovaries were observed approximately two weeks
postpartum .

In three ma stectomized and in two intact , follicular
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deve 1opment had occurred with follicles as 1arge as six mi 11 imeters. Some
of these follicles ovulated as confirmed by progesterone levels.

In the

ovaries of the remaining three animals, follicles of two or three
millimeters were identified. One of the intact ewes in which laparoscopy
was performed appeared to have ovulated during the first two weeks·
Table 3.

Status of the uterus and ovaries accessed by
laparoscopy in intact and mastectomized black-face
ewes in 1986.

Treatment

Intact

~ :QQstaar:tum
lJ-15
Size of the

Ewe

~

Size o! the
uterine horns

OVaries

1s a

1 fo11.>6mm

RT::LT

1Cl+
1 fo11.>6mm

R'r::LT

1 CA+
fo11.>6mm

27

horns

27-JCi

1lQ..:_

~

RT::LT

1 CL+
1 fo1l.>6mm

RT::LT

1 CH

RT::LT

3 CL

RT::LT

1 CA+
1 fo1l.>6mm

RT::LT

1 CL

RT::LT

1 CA

RT::LT

1 CL

RT::LT

33

1 fo11.>6mm

RT>LT

1 CL+
1 fo11.>6mm

RT::LT

58

4 fol1.>6mm

RT<LT

2 CL

RT::LT

1CA

RT::LT

2 CL

RT::LT

46 b
Mas teet.

11

71

Legend: CA, corpus albicans; CH, corpus haemorrhagicum;
CL, corpus luteum;
Fell., follicle.
aone ovarian cycle occurred between the two observations.
bone ovarian Cycle occurred before each observation.

postpartum.

By the time of the second 1aparoscopy, about 30 days

postpartum, at least one corpus luteum was observed in each animal,
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indicating that ovulation had occurred .
In two ewes, one ovarian cycle of short duration occurred between
the two observations, as measured by progesterone levels.

At two weeks

postpartum, the uterine horns were much reduced in size and almost
symmetrical regardless of the number of lambs carried during gestation.
A remarkable asymmetry was observed in the length of the uterine horns in
two mastectomized ewes that lambed single or triplets.
These observations agree with others reporting in the same genotype
the presence of small follicles 10 days after parturition (Foote, 1971)
and the reduction of the linear dimensions to the size of a non-pregnant
uterus at one month postpartum (Foote, 1971; Call et al., 1976; Gonzalez
et al . , 1981).

The affect of lactation on the uterine involution

suggested by others (Call et al., 1976;
1976) was not apparent in this

Honmade, 1977;

experiment.

Van Niekerk,

A larger sample would be

required to measure for a significant correlation between the effect of
lactation on uterine involution.
Postpartum Ovulation.
Data on the time of occurrence of the first postpartum ovulation
are summarized in Table 4. The period from parturition to first ovulation
was longer in 1986 than in 1987 for all genotypes and treatments (P <.05),
with the exception of the mastectomized Black-Face ewes (P >.05).

This

period for the White-Face ewes was 21.7 and 13.0 days for the intact, and
17.3 and 10.8 days for the White-Face mastectomized ewes' lambing in 1986
and 1987, respectively .

The same period was 19.6 and 13.2 days for the

Black-Face intact ewes and 16.5 and 11.5 for the mastectomized ewes
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lambing in the first and second year of the experiment.
Significant differences in the length of the interval to first
postpartum ovulation did not occur (P >.05) in either 1986 or 1987 among
genotypes or treatments, except for the St. Croix ewes that had a longer
(P <.05) interval compared to the mastectomized White-Face ewes lambing
in the same year.

Table 4. Interval in days (mean and standard error of the
mean) between lambing and first postpartum ovulation.
Yeara>
Genotype

Treatment

n

1986

n

1987

White-Face

Intact

2l.6±2.Sa

Mastectomized
Black-Face
Intact

s

Mastectomized+
bromocriptine

13.0±l.lb,c
lO.B±l.3c

19. 6±1. ,a

5

l3.2±2.2b,c

2

11.5±3.sb,c

9

15.S±l.6a,b

14.6±2.Sa,b,c

Intaet +
bromocriptine
Mastectomized

20

l7.3±2.Ba,b 14

10

l6.5±l.Sa,b

5

16.8±2.2a,b

St.Croix

Intact

Coefficient of variation 34 percent.
•p <.05 for the means not bearing the same superscript.
First postpartum ovulation was reported to occur 25.2

days after

lambing in intact and 17.0 days in mastectomized White-Face ewes (Rojas,
1986) and at 35.8 days postpartum in lactating St. Croix ewes (Evans and
Foote, 1987).
The results of this experiment indicate that this trait was not
influenced by either genotype or lactation, contrary to what has been
shown in earlier reports (Call et al., 1976;

Gonzalez et al., 1987;
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Mallampati et al . , 1971b). Significant differences (P <.05) for the same
treatments and genotypes between years suggest the influence of other
factors not

detected in this experiment. Gonzalez et al . , (1987)

suggested that a difference between years in the time of occurrence of
postpartum ovulation could be associated to nutritional causes but this
does not seem an explanation in this experiment.
The mean interval between first postpartum ovulation and first
ovulation accompanied by estrus did not differ (P >. 05) among genotypes
and treatments in either 1986 or 1987 (Table 5).

This period was 19.0

and 14.0 days for the White-Face intact and 15.7 and 9.4 days for the

Table 5. Interval in days (mean and standard error of the
mean) between ovulation and first postpartum estrus.

Yeara>

Genotype

n

Treatment

White-Face
Intact
Mastectomized

n

1987

19.0±6.1

17

14.0±2.5

15.6±6.1

13

9.3±2.9

17.0±4.0

5

8.6±4.7

1986

Black-Face
Intact

7

5.0±6.1

Intact+
bromocriptine

Mastect.'omized

10

17.2±3.3

5

18.4±4.7

Mastectomized+
bromocriptine

St.Croix

11.50±3.5

Intact

Coefficient of variation

o.o±o.o

81 percent.

ap >.05 for all genotype and treatment means.
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mastectomi zed 1ambi ng in 1986 and 1987, respectively.

For the intact

Black-Face ewes , the interval from first ovulation to first estrus was
17 . 0 and 8.6 days for ewes lambing in the first and second year of the
experiment.

In the mastectomized Black-Face ewes, the average length of

this interval was 17 .0 days for ewes parturiting in 1986 and 0.0 days for
the ewes lambing in 1987.

This interval was 11 . 5 days for the St . Croix

group.
The average number of ovarian cycles during the period from first
postpartum

ovulation

and

first

estrus

significantly among any of the genotypes or

(Table

6)

did

not

differ

treatment groups between or

within years (P >. 05) . The intact Wh i te-Face ewes had an average of . 7
and . 9 ovarian cycles until estrus in 1986 and 1987, respectively.

These

data were similar for the mastectomized White-Face ewes for the two years.
Intact Black-Face ewes had 1.1 and .8 ovarian cycles from the first
postpartum ovulation

until

they showed estrus

in

1986 and

1987,

respectively . For the mastectomized Black-Face ewes lambing in the first
year, 1. 2 ovarian cycles occurred during the same period;

and in the

second year, first postpartum ovulation was coincident with the first
estrus .

In the St. Croix ewes .8 ovarian cycles occurred during the

interval between first ovulation and first estrus after lambing.
The occurrence of one or more ovarian cycles prior to postpartum
estrus in this experiment is consistent with other reports (Foote et al.,
1967; Sharpe et al . , 1986 ; Rojas, 1986; Evans and Foote, 1987 ; Gonzalez
et al., 1987) that suggest the number of ovulation periods before estrus
determines the duration of lactational anestrus for ewes lambing during
the breeding season.

Ovulation not accompanied by estrus during the

postpartum period has been proposed to be due to an insufficient estradiol
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Table 6.

Number of ovarian cycles (mean and standard error of
the mean) occurring between first ovulation and first estrus.
Year3>

Genotype

1986

n

Intact

• 7±.4

17

.9±.1

Mastectomized

.7±.4

13

.6±.2

1.1±. 2

5

.8±.3

Treatment

White-Face

n

1987

Black-Face
Intact

7

Intact+
bromocriptine

st.croix

.3±.2

Mastectomized

10

Mastectomized+
bromocriptine

5

1.2±. 2

.0±0

1.±.3

Intact

9

.8±.2

Coefficient of variation 85.7 percent.
•p >. 05 for all genotype and treatment means.
or progesterone production (Foote, 1971;

Sharpe et al. 1986).

The differences in the duration of these ovarian cycles are
associated with corpora lutea with a variable livespan . This observation
agrees with earlier reports (Sharpe et al . 1986; Gonzalez et al . , 1987)
that suggest follicles or corpora lutea resulting from first postpartum
ovulation may differ from those formed in ewes cycling during later
periods (Sharpe et al . , 1986).
Postpartum Interval.
Data on the postpartum interval are summarized in Table

7.

Ovulation accompanied by estrus failed to occur during the experimental
period in three (15 percent) and one mastectomized (7 percent) White-Face
ewes that lambed in 1987. Four ewes parturiting in 1986 and three in 1987
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were marked by the rams during the first 48 hours postpartum but ovulation
did not occur as indicated by subsequent progesterone 1eve 1s.

Simi 1ar

observations were reported by Barker and Wiggins (1964a) .
A significant difference in the duration of the postpartum interval
occurred in all animals lambing in 1986, compared with those lambing in
1987 (P <. 05).

The duration of the postpartum interval was 40 . 7 and 26 . 4

days (P <. 05) for the intact White-Face ewes lambing in 1986 and 1987,
respectively.

In the mastectomized White-Face, the average interval to

fir st estrus was 33.0 and 19 .7 days (P <.05) in
years of the experiment .

the first and second

For the intact Black-Face ewes the same period

was 34.5 and 21.8 days (P <. 05) in 1986 and 1987, respectively.

The

duration of the postpartum interval in the Black-Face mastectomized ewes
was 33 . 2 and ll. 5 days ( P <. 05) in the first and second year of the
experiment, respectively.

Treatment of intact Black-Face ewes with

bromocriptine reduced (P <.05) the postpartum interval compared with the
other treatment groups in the same genotype lambing in 1986.

The 27 . 2

days postpartum interval for the St . Croix ewes did not differ from other
genotype s or treatments in either year .
These results indicate that genotype or lactation did not affect the
time when postpartum estrus occurs, although the postpartum interval was
numerically shorter in mastectomized compared to intact ewes both years
(P > .05). Some earlier reports show an effect of lactation on the length
of the postpartum interval (Roux et al ., 1975; Call et al ., 1976; Restall
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Table 7.

Genotype

Postpartum interval in days (mean and standard
error of the mean) .

Treatment

n

1986

n

White-Face

Intact
Mastectomized
Black-Face

Intact

3

a

Mastectomized 10

bromocriptine

40.7±6.1a

17

26.4±2.5b,c,d

33.0±6.1a,b,c

13

19.6±2.9c,d

5

2l.S±4.7c,d

34.5±3.7a,b
19.7±6.lc,d

Intact+
bromocriptine

Mastectomized+

1987

5

33.7±3.3a,b

11.5±7. sd

35.2±4.7a,b

St.Croix
Intact

10

27.2±3.3a,b,c,

Coefficient of variation 38.5 percent.
ap <.05 for means not bearing the same superscript.

and Starr et al., 1977;

Moss et al., 1980;

Lewis and Bolt, 1983) .

The postpartum interval was reported to have an average length of
47 . 0 (Foote, 1971) and 68 . 2 days (Rojas, 1986) in intact White-Face ewes .
Mastectomi zed ewes with the same genotype had an average postpartum
interval of 47.2 (Foote , 1971) and 46.6 days (Rojas, 1986). An identical
period of time from lambing to first ovulation accompanied by estrus was
reported for intact Black-face ewes (Foote, 1971) and 40.2 days in intact
St. Croix ewes (Evans and Foote, 1987).
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Conception.
The percentage of ewes conceiving during the 65-70 day period
postpartum and pregnant for at least 60 days after is
St . Croix ewes were not exposed to fertile
Table 8 .

shown in Table 8.

rams .

Percentage of ewes conceiving after a 65-70 day
period postpartum.
'tear a>

Genotype

Treatmen t

n

1986

n

1987

Intact

2

66

14

70

Mastectomized

2

66

12

85

Intact

5

61.5

5

100

2

100

White-Face

Black-Face

Intact+
bromocriptine
Mastectomized

100
10

100

4

80

Mastectomized+
bromocriptine

ap >.05 for all genotypes and treatment means.

Non -significant differences (P >. 05) were found among genotypes and
treatments in the percentage of ewes conceiving for both years .
The interval from lambing to conception (Table 9) did not differ
(P >.05) among genotypes and treatments .
days

in

This period was 41 . 5 and 43.6

intact White-Face ewes and 35 . 0

and 48 . 2 days for the

mastectomized White-Face ewes lambing i n 1986 and 1987, respectively .
The average interval from parturition to conception was 43.2 and 31 .0 days
for the intact and 40 . 6 and 59.0 days for the mastectomized Black-Face
ewes 1ambi ng in 1986 and 1987.
affect this trait.

Treatment with bromocri pt i ne did not
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Table 9.

Interval in days (mean and standard deviation of the
mean) between lambing and conception.
Yearal

Genotype
1

Treatment

e- ace

Intact

n
2

Mastectomized

1986

n

1987

41.5±9 . 5

14

49.6±3.6

35.0±9.5

12

48 . 3±4.0

43.3±6.0

5

31.0±6.0

Black-Face
Intact

5

Intact+
bromocriptine
Mastectomized

44.0±7.8
10

Mastectomized+
bromocriptine

40.6±4 . 3

59.0±9 . 5

43.2±6.7

Coefficient of variation 30.2 percent.
ap >.05 for all genotype and treatment means.

The average number of estrous periods from lambing to conception is
shown in Table 10 .

This trait did not differ among genotypes and

treatments in either 1986 or 1987 (P

>. 05).

Intact White-Face ewes had

an average of 1.0 and 2. 1 and the mastectomized ewes 1. 5 and 2.4 estrous
periods between parturition and conception.

In intact Black-Face ewes,

this number was 1. 6 for the ewes lambing in both years and 1. 4 and 2.5
for the mastectomized ewes lambing in 1986 and 1987, respectively.
Although not statistically significant (P >.05), bromocriptine-treated
animals had a numerically higher number of estrous periods until
conception than controls.
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Table 10.

Number of estrous periods (mean and standard error
of the mean) from lambing to conception.

Genotype

Treatment

White-Face

1986

n

n

198/

Intact

1.0± . 56

l4

2.0±. 21

Mastectomized

1.5±.56

12

2.4±.23

1.6±.37

5

1.6±.36

Black-Face

Intact
Intact+
bromocriptine
Mastectomized
Mastectomized+
bromocriptine

2.3±.46

lO

l . 4±. 25

2.5±.56

1.8±.40

Coefficient of variation 44.1 percent.
ap >.05 for all genotypes and treatment means.

These data suggest that there was no influence of these two genotypes
or of lactation on

the

interval

between

lambing

and

conception.

Furthermore, the results of this experiment indicate that an earlier
occurrence of postpartum estrus is not associated with the interval to
conception or the number of estrous periods to conception . Therefore, it
appears plausible that in these genotypes,
limitation

to

the

establishment

of

there is a physiologic

pregnancy

postpartum

that

is

independent of the length of the interval from parturition to ovulation
accompanied by estrus and that the length of the postpartum interval
should not be taken as an indicator of the ability of the ewes to conceive
after lambing .

A larger number of animals is required to verify these

suggestions.
These observations agree with the report of Matter (1976), who

so
showed that none of the ewes served at 21 days postpartum lambed and only
5 percent of those mated before 30 days after lambing had a successful
pregnancy.

The suggestion that normal fertility rates are established

after the occurrence of the first postpartum estrus was presented
Osinowo

and

Ekpe

(1985).

These

authors

reported

that

by

although

satisfactory conception rates can be obtained in ewes served at 44 days
postpartum, conception rate can be increased if mating is delayed until
two or three months after lambing.
Reduced fert i 1i ty postpartum has been reported in the 1i terature
(Matter, 1976;

Perez et al., 1986), with the indication that it could be

due to a depressed fertilization rate (Dawe and Fletcher, 1976;

Mutiga,

1984) and/or a result of the uterine environment not being suitable to
support a pregnancy (Van Niekerk, 1976).
LH Patterns.
LH basal levels, mean concentration, mean amplitude of the LH pulses
and the average pulse frequency before and at determined intervals
postpartum in mastectomized and intact White-Face ewes 1ambi ng in 1987
are shown in Table 11.

Since only patterns of tonic LH secretion were to

be compared, the data from two intact ewes having LH acute release sampled
on days 8-11 postpartum

were discarded.

Bas a1 1eve ls of LH with

measurements beginning prepartum did not increase significantly in either
mastectomized or intact ewes before 17-19 days postpartum (P >.05).

A

significant rise occurred in both mastectomized and intact animals on days
24-26 postpartum, compared to S-8 days prepartum and days 8-11 postpartum
(P

<.05).

51

Mean LH concentration before lambing and during the postpartum period
followed a pattern similar to that of the

basal levels.

A significant

increase in LH mean concentration (P <. 05) occurred on days 24 -26
postpartum,

compared with all

the other periods and there was no

difference between mastectomized and intact ewes.
The average amplitude of LH pulses on days 5-8 prepartum was
significantly lower (P <.05) than on days 8-11 and 24-26 but not on days
17-19 postpartum.
During the postpartum period, the average LH amplitude did not
differ

between

days

8-11

and

17 -19

after

lambing

but

increased

significantly (P <. 05) on the days 24-26. In each period postpartum, there
was no significant difference between mastectomized and intact ewes
(P

>.05).
LH pulse interval was lower (P <.05) in prepartum ewes than at any

other period postpartum.

Differences in LH pulse interval after lambing

were not consistent with the effect of lactation.
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Table 11. LH patterns in white-face mastectomized
and intact ewes before lambing and during the
postpartum period in 1987 (mean and standard
error of the mean in ngjml)a.

Bleedings

s-a days

prepartum

8-11 days
postpartum
17-19 days
postpartum
24-26 days
postpartum

Treatment n

Basal
Cone.

Cone.

Amplitude
of Pulses

Mean

inr.;~~lb)

Intact

8 .l2±.2a

.lB± . sa

.28±.6a

a.oa

Mastec.

8 .13±.2a

.21±.Sa

.45±.6a

a.oa

Intact

6 .13±.2a

.76±.sa

2.06±.6b

3.2b

Mastec.

8 . 52± .2 a

1. 21±. sa

l . 79±.6b

4 . 0°

Intact

8 . sa±.2a,b

.93± . sa

1.54±.6a,b

3 . 7°

Mas tee.

8 .37±.2a,b l.25±.sa

l . l0±.6a,b

3.1c

Intact

8 .9S±.2b

J.42±.sb

4.70±.6°

4.5b

Mas tee.

8 .n±.2b

2.42±.sb

4.28± . 6c

4 .0c

ap <.05 for means not bearing the same superscript in the
same column.
Data from prepartum ewes was estimated from a
seven hour period.
bLH pulse interval

in hours.

Patterns of tonic LH secretion during this experiment changed (P
<.05) from prepartum through the postpartum period but no differences were
observed between lactating and nonlactating ewes (P >.05).

Reduced

concentration of LH during late gestation has been reported (Charnley et
al., 1976;

Wright et al . , 1980b) as a result of elevated concentrations

of estradiol-17p and progesterone (Malven and Hudgens, 1987). The results
of this experiment agree with earlier reports that indicate a gradual
recovery of the pituitary LH release during the postpartum period (Foote,
1971; Restall and Starr, 1977) in lactating and nonlactating ewes (Wright
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et al . , 1980a) but contrast with others that suggest a lower LH
concentration in lactating than in non-lactating ewes during the same
period (Restall and Starr , 1977).
Prolactin Patterns.
Data on prolactin concentration is shown in Table 12 .

Mean

concentration of this hormone on the day of lambing was not affected by
genotype or lactation in 1986 or 1987 (P >.05) , suggesting that the
increase of prolactin

levels

around

parturition

required

for

the

initiation of lactation (Kann et al . , 1978; Hafez , 1980) are independent
of the presence of the mammary gland .
Treatment with bromocriptine (in Black-Face ewes only) induced a rapid
decrease in prolactin concentration in both intact and mastectomized ewes.
Mean prolactin levels after one week postpartum varied from 12.9 ng/ml and
1.7

ng/ml

throughout

the

experimental

period

in

both

groups,

respectively. Prolactin concentration declined i n mastectomized Black-Face
ewe s

lambing

in

1986,

following

a parallel

trend

compared

with

bromocriptine-treated groups, but the same low levels were not observed
before four weeks postpartum .

In the mastectomi zed Black-Face ewes

lambing in 1987 and in the intact ewes of the same genotype lambing in
either year mean prolactin concentration decreased slower during the
postpartum period, compared with the remaining three groups of Black-Face
ewes .

In 1986, the mean prolactin levels in the intact Black-Face ewes

never attained during the time of the experiment a concentration as low
as the

bromocriptine-treated or mastectomized ewes that lambed in the

same year . After day 48 postpartum, prolactin concentrations were similar
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for all but the intact Black-Face ewes lambing in the first year.
Prolactin concentration decreased faster during the postpartum
period in mastectomized White-Face ewes that lambed in 1986.

In the

second year, prolactin levels in mastectomized White-Face ewes had a
slower decline, similar to the mastectomized Black-Face ewes.

In the

intact ewes of both genotypes, prolactin decrease was identical in both
years, and its concentration was always higher than in mastectomiz ed ewes
during the experimental period.
These results agree with previous reports that indicate that
throughout the postpartum period, prolactin concentration is higher in
lactating than in non-lactating (mastectomized) ewes (Lamming et al.,
1974;

Fitzgerald and Cunningham, 1981).
The reduction in prolactin levels in bromocriptine-treated ewes in

this experiment is also in agreement with previous reports (Kann et al . ,
1976;

Ford, 1979;

Land et al., 1982;

Pijoan and Williams, 1985a).

A large variation occurred within treatment groups in the same day
postpartum and could be due to an individual difference in the time period
from the last suckling to when prolactin was measured (McNeilly et al.,
1972;

Kann and Marti net, 1975) .
Prolactin concentration in all lactating ewes was higher on the day

of lambing and decreased during the postpartum period.

This contrasts

with an earlier report that shows an increase of the hormone on day 11
postpartum (Moss et al., 1980).

Also, in mastectomized ewes the decline

of prolactin concentration was continuous, and no increase in levels was
observed on days 25 and 42
Cunningham (1981).

postpartum, as reported by Fitzgerald and

In this experiment, the reduction of

prolactin by
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mastectomy did not diminished the interval from lambing to first ovulation
or the postpartum interval.

Reduction of prolactin concentration in

intact Black-Face ewes by treatment with bromocript i ne decreased the
postpartum interval (P <.05), a result inconsistent with earlier reports
(Kann et al., 1976;

Ford, 1979;

Land

et al., 1982).

However, the

results reported here are inconclusive because of the very small number
of intact ewes that received bromocriptine,

and because prolactin

concentration did not differ from mastectomized-treated ewes.
The results on prolactin concentration during the postpartum period
in this experiment agree with the indication that the level of this
hormone is higher in lactating and suckled ewes (McNeilly et al., 1972;
Kann and Martinet, 1975) but do not confirm the effect of prolactin in the
inhibition of ovarian activity due to interference with LH secreation or
release.

Table 12.
c.rc.t)!:e

Serum prolactin levels in ngjml (mean and standard
error of the mean) during the postpartum period.
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Progesterone Patterns .
Average progesterone concentrations declined following parturition
and were maintained at low levels during the first two weeks postpartum .
Small peaks of the hormone were detected before the typical luteal phase,
as reported by Sharpe et al . (1986) and Fitzgerald and Cunningham (1981).
These small peaks of progesterone are considered to represent ovulation
or luteinization of follicles if equal or greater than 0.5 ng/ ml .

Such

periods of luteal function had a variable duration from 2 to 6 days .
Examples of patterns of progesterone during the postpartum interval
are shown in Appendix II .
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SUMMARY AND CONCLUSIONS
The events of the postpartum interval in ewes lambing during the
breeding season were measured in White-Face and in Black-Face ewes in 1986
and 1987 and in St. Croix ewes in 1987 . Out of season (Spring) breeding,
to provide for lambing during the breeding season, was induced with
fluorogestone-acetate impregnated sponges (Chrono-gest-40mg) for 14 days
and 750 I . U. of PMSG administered i .m. 36 hours before sponge removal .
A second injection of gonadotrophin was applied 16 days later to maximize
the number of ewes lambing.
The effect of lactation on the events of the postpartum interval was
estimated in White-Face and Black-Face ewes in both years by comparing
intact with mastectomized ewes .

Mastectomy was performed

in the

White-Face ewes during mid-gestation in 1986 and 1987 and before puberty
in the Black-Face ewes .
Lambing started in the first week of October and was extended for
approximately one month in both years.

In the case of triplets , one lamb

was removed at birth to standardize the effect of lactation .

Lambs born

from mastectomized ewes were removed at the time of parturition.
Fertile rams with painted briskets were introduced in the flock one
week before parturition, and the ewes were checked twice daily for colored
marks i ndi cat i ng estrus.

The St. Croix ewes were kept separate with

painted, vasectomized rams.
Blood samples were collected every four days from ewes lambing in
1986 and every other day from ewes lambing in 1987, beginning the day of
lambing and for a period of 65 to 70 days postpartum.

LH concentration

was determined in eight intact and eight mastectomized White-Face ewes in
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samples collected hourly for a period of seven hours, five to eight days
prior to lambing and for 14 hours at 8 to 11, 17 to 19 and 24 to 26 days
postpartum in 1987.
Uterine involution was estimated by laparoscopy at 10 to 15 and at
27 to 30 days postpartum in a group of intact and mastectomized Black-Face
ewes lambing in 1986.
A group of intact and one group of mastectomized Black-Face ewes
lambing in the first year received a total daily dose of 0.6 mg of
bromocriptine

administered

intramuscularly

twice

daily

during

the

experimental period . Concentrations of serum progesterone, prolactin and
LH were determined by radioimmunoassy.

Occurrence of ovulation was

estimated based on progesterone levels.
One-way analyses of variance were used to determine differences among
treatment groups, at a level P >.05 .

The

Fisher's test procedure was

used to compare treatments , and T test was used to compare differences
between years.
The results of this experiment suggest that there is no difference
in the events of the postpartum interval, measured as the period of time
from lambing to first ovulation or to first ovulation accompanied by
estrus among White-Face, Black-Face and St. Croix ewes. These events were
not influenced by lactation in White-Face and Black-Face ewes but there
was a significant difference in these traits between years.
Although lactation had no statistical effect (P >.05) on the
postpartum interval, the period from lambing to first postaprtum estrus
was

consistently numerically shorter within years

and

breeds

for

mastectomized and/or bormocriptine-treated ewes. This indicates that some
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influence of lactation may exist

but

failed

to

be

statistically

significant due to the reduced number of animals available for this
experiment.
In the Black-Face and White-Face ewes,

conception during the

postpartum period did not differ between years, and although postpartum
estrus occurred earlier in 19B7, more services per conception were
required, suggesting a constant limit for the interval after parturition
necessary for a successful pregnancy to occur.
LH concentrations measured in White-Face ewes were not influenced
by lactation in any period of the postpartum interval .

Basal levels of

luteinizing hormone on days B to II and 17 to 19 postpartum did not differ
from prepartum levels but increased on days 24 to 26 . A similar trend was
observed in mean LH concentration. Since postpartum ovulation and estrus
occurred before the increase in tonic LH levels after lambing, it is
possible that the low levels of LH during the first two weeks postpartum
is adequate for the occurrence of ovulation and estrus, and that the high
levels of tonic LH occurring later postpartum are not required for
ovulation to occur.
Prolactin concentration on the day of lambing did not differ between
genotypes

or

intact

and

mastectomized

ewes,

suggesting

that

the

mechanism(s) that cause(s) high levels of prolactin at parturition is
independent of lactation.

Prolactin levels throughout the postpartum

period were reduced by mastectomy and admi ni strati on of bromocri pt i ne.
Intact Black-Face ewes receiving bromocriptine had a reduced interval-tofirst-postpartum estrus, but none of the other parameters measured were
affected .
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From the results of this experiment, it seems possible to suggest
that, at least in these genotypes, lactation and the associated prolactin
levels do not play a limiting role in postpartum anestrus, particularly
in White-Face ewes where

pr~actin

levels were measured and were not

associated with reduced LH concentration.
The

biological

importance

of

the

influence

of

lactation

in

lengthening the postpartum interval in sheep still requires further
information to be adequately understood.
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APPENDIX I
Table 13. Interval in days between lambing and first
postpartum ovulation (data combined)
n

1986

3
3

21.6±2.8
17.0±2.8
19 . 3±3.2

8
10

19. 6±1. 7
17.2±3.3
18 . 4±1.7

1987

Combined

20
14

13.0±1.1
10.8±1.3
11. 9±1. 7

17.3 6 .1
13.9 4.4
15.6 5 .2

5
2

13.2±4.7
0.0±0.0
6.6±9.3

16.4 4.5
8.6 12.2
12.5 8.3

13.1±0.1
5.4±7.6
9.2±5.4

16.8 5.3
11.2 8.3
14.0 6.8

n

White-Face
intact
mastectomized
combined
Black-Face
intact
mastectomized
combined
Combined
intact
mastectomized
combined

20.6±1.4
17.1±0.1
18.9±2.5

Unweighted means and standard error of the mean.
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Table 14. Interval in days between ovulation and first
postpartum strus (data combined)

n

1986

n

1987

3
3

19 . 0±6.1
15 . 6±6 . 1
17 . 3±2.4

17
13

14 . 0±2.5
9.3±2.9
11.6±3.3

8
10

17.0±4.0
17.2±3.3
17.1±3.1

5
2

8.6±4.7
0 . 0±0 . 0
4.3±6.0

Combined

White-Face
intact
mastectomized
combined

16.5±3.5
12.4±4 . 4
14.4±4 . 0

Black-Face
intact
mastectomized
combined

12 . 8±5.9
8.6±1 2 .2
10.7±9.0

Combined
intact
mastectomized
combined

18 . 0±1.4
16.4±1.1
17.2±1.1

11.3±3.8
4.6±6.5
7.9±4 . 7

14.6 4.7
10.5 8.3
12 . 5 6.5

Unweighted means and standard error of the mean.
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Table 15. Number of ovarian cycles occurring between
first ovulation and first estrus (data combined)

n

1987

Combined

n

1986

3
3

0.7±0.4
0.7±0.3
0 . 7±0.0

17
13

0.9±0.1
0.6±0.2
0.7±0.2

0.80±0.1
0.65±0 . 0
0.73±0.0

7
10

1.1±0. 2
1.2±0.2
1.1±0.1

5
2

0.8±0.3
0.0±0.0
0.4±0.6

0.95 0.2
0 . 60 0.8
0.78 0.5

0.8±0.1
0.3±0.4
0.5±0.4

0 . 88 0 . 0
0.63 0.5
0.75 0.2

White-Face
intact
mastectomized
combined
Black-Face
intact
mastectomizd
combined
Combined
intact
mastectomized
combined

0.9±0.3
0.9±0.3
0.9±0.0

Unweighted means and standard error of the mean.
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Table 16.

Postpartum interval in days (data combined)

n

1986

n

1987

Combined

40.7±6.10
33.0±6.10
36.8±5.44

17
13

26.4±2.5
19.6±2.9
23.0±4.8

33.5±10.1
26.3± 9.5
29.9± 9.8

34.5±3.70
33.7±3.30
34.1±0.57

5
2

21.8±4.7
11.5±7.5
16.6±7.3

28.1± 9.0
22.6±15.7
25.4±12.3

24.1±3.2
15.5±5.7
19.8±6.0

30.8± 9.5
24.4±12.6
27. 6±11.1

White-Face
intact
3
mastectomized 3
combined
Black-Face
intact
8
mastectomized 0
combined
Combined
intact
mastectomized
combined

37.6±4.38
33.3±0.49
35.5±

Unweighted means and standard error of the mean.
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Table 17. Interval in days between lambing
and conception (data combined)
n

1986

1987

n

Combined

White-Face
intact
mastectomized
combined

2
2

41. 5±9. 5
35.0±9.5
38.2±4.6

14
12

49.6±3.6
48.3±4.0
48.9± .9

45.55±5.7
41. 65±9. 4
43.60±7.6

5
10

43.3±6.0
40.6±4.3
41. 9±1. 9

5
2

31.0±6.0
59.0±9.5
45.0±9.8

37.15± 8.7
49.80±13.0
43.48± 2.2

40.3±3.1
53.6±7 . 6
46.9±9.4

41. 35±1. 5
45.73±1.2
43.54±4.9

Black-Face
intact
mastectomized
combined
Combined
intact
mastectomized
combined

42.4±1.3
37.8±4.0
40.1±3.2

Unweighted means and standard error of the mean.
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Table 18. Number of estrus periods from lambing to
conception (data combined)

n

1986

n

1987

Combined

White-Face
intact
mas tectomized

2

1.0±0 . 5

14

2

1.5±0.56

12

combined

1.2±0.35

2 . 0±0 . 2
2.4±0.2

1.50±0.7
0.87±0.9

1.1±1. 2

1.18±0 .1

Black-Face
intact
mas tectomized

5

1.6±0 . 37

5

1. 6±0.4

1.60±0.0

10

1.4±0.25

2

2.5±0.6

1.95±0.9

1. 5±0.14

2

0±0.6

combined

1.78±0.4

Combined
intact
mastectomized
combined

1.3±0.42
1.4±0 . 07
1. 4±0. 11

1. 8±0. 3
1. 3±1. 6
1.5±0.3

1. 55 0.3
1.41 0.1
1. 48 0 . 1

Unweighted means and standard error of the mean.
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Figure 1. Interval in days between laniliing and ovulation
in White-Face ewes.
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Figure 2. Interval in days between laniliing and ovulation
in Black-Face ewes.
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Figure 3o
Interval in days between first ovulation and
postpartum ovulation accompanied by estrus in White-Face ewes
0

~,-------------------------------,

20

I Intact

[) Into::t+brcmxrlptlne

I Mastectani zed

I -tect.tbrcmxriptine

Figure 4o
Interval in days between first ovulation and
postpartum ovulation accompanied by estrus in Black-Face ewes
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Figure 5.
Number of ovarian cycles between first
postpartum
ovulation
and
first
postpartum
ovulation
accompanied by estrus in White-Face ewes.
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Figure 6.
Number of ovarian cycles between first
postpartum
ovulation
and
first
postpartum
ovulation
accompanied by estrus i Black-Face ewes.
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Figure 7. Interval in days between lambing and the first
postpartum ovulation accompanied by estrus in White-Face ewes.
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Figure 8. Interval in days between lambing and the first
postpartum ovulation accompanied by estrus in Black-Face ewes.
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Figure 9.
Percentage of White-Face
during a 65-70 day period postpartum.
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Figure 10.
Percentage of Black-Face ewes conceiving
during a 65-70 day period postpartum.
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Figure 11.
Interval in
conception in White-Face ewes .
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Figure 12.
Interval in
conception in Black-Face ewes .
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Figure 13.
White-Face ewes.
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Figure 14.
Black-Face ewes.
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Figure 15. Serum progesterone levels in postpartum ewes;
first ovulation coincident with estrus during the first two
weeks postpartum.
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Figure 16. Serum progesterone leve ls in postpartum ewes;
firs t postpartum estrus occurring after an ovar ian cycle of
"short" duration.
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Figure 17. Serum progesterone levels in postpartum ewes;
first postpartum estrus occurring after an ovarian cycle with
a typical length.
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Figure 18. Serum prolactin levels during the postpartum
interval in White-Face ewes.
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Figure 19. Serum prolactin levels during the postpartum
interval in Black-Face ewes.

